Introduction
Cryotherapy is a method which has a usage for many organs and diseases especially for malignancies. For medically or surgically inoperable patients with lung cancer, cryotherapy is used sporadically. Recently, transbronchial cryobiopsies are getting more common in the diagnosis of interstitial lung diseases.
In this study, we aimed to evaluate air leak and acute histopathological effects on lung caused by the therapy, to guide how to use cryotherapy and adapt this method to a surgical approach.
Materials and Methods
Ten male rabbits weighing 944-1386 grams were used and the study was approved by the "Local Ethics Committee of Animal Experiments" of our hospital.
For the application, a carbon dioxide cryoprobe which provides a temperature around -40 C° at the probe tip was used. As the probe used for application on human was large for rabbit lung, a probe with a 3 mm tip diameter was obtained ( Figure 1 ). 
Experimental Study Method
The induction of anesthesia was provided with ketamine (10 mg/kg) and xylazine (3 mg/kg) via 24 gauge cannula which was placed to lateral ear vein of the rabbit. After removal of the hair from the surgical site with cervical incision trachea was dissected, a transverse tracheotomy was done and intubation was provided with a 3 or 3.5 mm diameter endotracheal tube (Figure 2 ). Animals were connected to mechanical ventilator (Servo 900 C, Siemens, Sweden). Following intubation, cisatracurium was used (0.5 mg/kg) intravenously for muscle paralysis. The continuity of anesthesia was secured with ketamine and xylazine bolus infusions. The animals were ventilated with a beginning 10 cmH2O airway pressure in pressure control mode. In order to provide exposure to both hemithorax, a clamshell incision was used, and by pushing the intubation tube forward to right main bronchus single lung ventilation was achieved. First application was performed on the atelectatic lung's one lobe for a cycle (every cycle contains a freezing period of 20 seconds and a slow thawing period after) and two cycles to another lobe superficially ( Figure 3) . After the thawing finished completely, thoracic cavity was filled with saline solution in order to check air leak and both lungs were ventilated with an increasing airway pressure 5 cmH20 gradually up to 30 cmH20 in every 5 minutes. The same procedure was performed on ventilated right lung, to different lobes, as one and two cycles respectively. To summarize, one cycle cryotherapy was performed for one lobe of the atelectatic left lung (method 1), and two cycles for other lobe (method 2). On the other hand, for ventilated right lung one and two cycle therapies were performed for different lobes (method 3 and method 4 respectively). After air leak check out, lobes were resected for histopathological examination. Animals were sacrificed with high dose intravenous potassium-chloride. The resected lobes were fixed in 10% formalin solution..
Histopathological research
Four-micron sections straight to the cryotherapy application sites were obtained and they were stained with hematoxylin eosin. All the specimens were evaluated by a blinded histopathological examination. The parenchymal injury was evaluated with ocular micrometer measuring the depth of coagulation necrosis.
Statistical method
Because a few number of animals were used for the study, "two-factor analysis of variance" was used. Statistical analysis was performed using SPSS 10.0 (SPSS Inc., Chicago, IL, USA) for windows and p values less than 0.05 were considered significant.
Results
In all specimens', after histopathological evaluation, coagulation necrosis with various levels, alveolar congestion, edema and intraalveolar hemorrhage were observed (Figure 4) . The level of coagulation necrosis were evaluated on tissue samples with ocular micrometers (Table 1) . Air leak was not detected in any of the methods tough airway pressure was increased up to 30 cmH2O. Hemorrhage, from lung parenchyma to the pleural cavity was not seen macroscopically. Only a limited hematoma was observed in the application site.
Medium values of coagulation necrosis in atelectatic left lung was more than it was in the ventilated right lung. There was not any statistical difference between methods although the lowest value of coagulation necrosis was observed in method 3 ("one-cycle" application on ventilated lung).
Discussion
Application of cryotherapy on lung is still controversial although it has a both experimental and routine clinical application area on many organs such as prostate, kidney and liver [1] [2] [3] [4] [5] . Due to the specialty of lung tissue, there are two important points to be kept in mind. One is whether the application will cause air leak or not and the other is the histopathological depth of necrosis on alveolar structure? Permpongkosol et al. demonstrated the different histopathological effects of same cryotherapy protocol on kidney, liver and lung [6] .
At the study of Çakan et al. comparing non-anatomic pulmonary resection via ligasure and harmonic scalpel, the maximum depth of necrosis was 731.5 micron, whereas at our study there were differences when cryotherapy was applied on parenchymal surface versus other methods and depth of necrosis was ranging between 1581-1931 microns [7] .
Unlike other solid organs, there are two different options for pulmonary applications. In our study, with one lung ventilation when cryotherapy applied to both ventilated and non-ventilated lung tissue, the depth of necrosis on alveolar tissue and air leak were analysed separately. In addition, the safety of one or two cycles of cryotherapy applications were researched.
In the study of Izumi et al. comparing one and two cycles of cryotherapy on normal lung tissue in a porcine model, there was a significant air leak and hemorrhage detected additionally at the area of the lesion tripled with two cycles of cryoablation versus one cycle [8] .
Wang et al. obtained successful results with computed tomography guided percutaneous cryotherapy, on patients with one or more masses that failed with previous therapies (radiation therapy, chemotherapy and /or surgery) or had nonresectable central lung cancer [9] . They inserted cryoprobes although the lung was ventilated and performed the therapy. By 6 months 86% of the treated areas were stable or smaller than the original tumor [10] . Pneumothorax due to the procedure occurred in 12% of the patients and only a few of them required tube thoracostomy.
Nowadays, in thoracic applications, cryotherapy is mostly used in endobronchial tumors. It is a treatment option for patients with an airway obstruction, alternative to laser, diathermia, photodynamic therapy and stent applications [10] [11] [12] [13] [14] [15] [16] . Cryotherapy with minimal complication ratios were reported to be a good tolerated method by Maiwant et al. [17] [18] . Moorjani et al. indicated that in none of the cases, bronchial perforation or mortality was seen and highlighted the priority of the method [19] .
One another usage of cryotherapy is transbronchial cryobiopsy. Although surgical biopsy is still the gold standard for diagnosis of interstitial lung diseases, transbronchial cryobiopsy is getting more common with satisfactory results [20] [21] [22] [23] . Pneumothorax and bleeding are the most common complications [21] . Bleeding could be effectively managed in endoscopy unit as reported by Hagmeyer et al. [22] .
When cryotherapy is applied directly to the parenchymal surface of lung, it causes pulmonary edema and hemorrhage. For this reason, Izumi et al. applied cryoablation for the treatment of experimentally created air leaks. Their study demonstrated that another potential application of cryotherapy was the control of air leak from dissected raw lung surfaces during lung resection [24] . In our study, cryotherapy probe was not applied inside the parenchymal tissue but on the lung surface and similarly no air leak was detected but only an intraparenchymal hematoma has occurred. In this study, cryotherapy which comes to order nowadays with its application for cancer treatment, is demonstrated to be effective causing pulmonary hematoma and vascular thrombosis when used superficially and there was no statistical differences between different methods of applications. In conclusion, we are in the opinion that according to our results further studies are needed to investigate usage of cryotherapy.
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